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(57) ABSTRACT 
A dual function differential driver includes a voltage mode 
differential driver portion and a current mode differential 
driver portion. Control circuitry is connected to the voltage 
mode differential driver portion and the current mode differ 
ential driver portion. The control circuitry switches the dual 
function differential driver between operation as a voltage 
mode differential driver and operation as a current mode 
differential driver. 
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DUAL FUNCTION VOLTAGE AND CURRENT 
MODE DIFFERENTIAL DRIVER 

FIELD OF INVENTION 

This application is related to the differential drivers. 

BACKGROUND 

Differential drivers are employed for a variety of functions, 
such as to provide parallel data to serial data conversion. For 
example, they may be used to convert a parallel 10-bit digital 
data signal to a serial 1-bit digital data signal. Also, differen 
tial drivers may be employed to convert 1-bit serial digital 
data signal, (e. g., a rail-to-rail digital signal swinging from 0 
V to VDD), to a pair of differential analog signals that meet an 
electrical speci?cation of a transmitter for a relevant signaling 
standard. 

High speed input/ output (I/O) interfaces such as serial 
ATA (SATA) require a transmitter to meet different rise and 
fall (rise/ fall) time speci?cations depending on the generation 
speci?cation they are operating under. The generation one 
(Genl) SATA speci?cation requires a 1.5 Gb/ s data rate, 
while the generation two (Gen2) speci?cation requires a 3 
Gb/ s data rate, and generation three (Gen3) speci?cation 
requires a 6 Gb/ s data rate. At the same time, the transmitter 
should also meet a maximum of 20 ps differential skew speci 
?cations. The transmitter output signal incurs a larger loss on 
the transmitting channel at the Gen3 data rate than at the Genl 
data rate due to the limited bandwidth of the channel. To 
compensate for this channel loss, the transmitter has to output 
a larger amplitude signal at the Gen3 data rate than at Genl 
data rate. 

The rise/fall time speci?cation of SATA Gen3 is from 33 ps 
to 68 ps, Gen2 is from 67 ps to 136 ps, and Gen1 is from 100 
ps to 273 ps. At the Gen3 data rate, the transmitter power 
consumption may be of concern, particularly when multiple 
lanes of transmitters are running at a high speed at the same 
time. Therefore, a differential driver that is effective for trans 
mission at one rate may not be as effective at other rates. The 
two differential drivers that are commonly used are voltage 
mode differential drivers and current-mode differential driv 
ers. 

A voltage-mode differential driver may be utilized when 
running at high speeds, such as the SATA Gen3 data rate, 
because it consumes lower power than a current-mode differ 
ential driver. However, when the same voltage-mode differ 
ential driver runs at a relatively low speed, such as the SATA 
Genl data rate, which is four times slower than the Gen3 data 
rate, the drive strength of the voltage-mode driver has to be 
weakened by many times to slow down the output signals in 
order to meet the slower rise/ fall time requirement of the 
Genl speci?cation. 

To weaken the drive strength, the majority of the transistors 
in a voltage-mode differential driver have to be turned off. 
The situation then occurs that a small number of tumed-on 
transistors have to drive a large number of turned-off transis 
tors whose parasitic capacitance is not only very large, but 
also varies a lot across process, voltage, and temperature 
(PVT) corners. Therefore, the output rise/fall time of the 
weakened voltage-mode driver may incur a large variation 
across PVT corners, which may in turn cause a large mis 
match between the rise time and fall time, ultimately causing 
a large differential skew between the two differential output 
signals. The transmitter may then not be able to simulta 
neously meet the rise/fall time and differential skew require 
ments at the low speed. 
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2 
A current-mode differential driver, on the other hand, may 

be utilized to handle the rise/ fall time variation and differen 
tial skew issues at the low speed, because its rise/fall time is 
determined by a resistive-capacitance (RC) time constant and 
therefore has less variation across PVT corners than a volt 

age-mode differential driver. However, the current-mode 
driver consumes much more power than a voltage-mode 
driver when running at high speeds such as the SATA Gen3 
data rate. In multiple lane applications, the total power con 
sumption becomes so large that the number of lanes that 
simultaneously run at the Gen3 data rate may have to be 
limited. 

Therefore, it is challenging to both save power at high 
speed data rates and also meet different rise/fall times and 
strict differential skew requirements at low speeds. In Giga 
bit high speed circuit design, the less the loading, the faster 
the circuit can run and the less power the circuit consumes. 

Therefore, a circuit that occupies a smaller area may operate 
faster and consume less power when running at a speci?c 
speed. 

Accordingly, it would be bene?cial to provide a differential 
driver that is capable of effectively operating at both a low 
speed data rate, such as a Genl data rate, when required, while 
also being capable of operating at a higher speed data rate, 
such as a Gen2 or Gen3 data rate when required. 

SUMMARY 

A dual function voltage and current mode differential 
driver is disclosed. The dual function voltage and current 
mode differential driver includes a voltage mode differential 
driver portion and a current mode differential driver portion. 
Control circuitry is connected to the voltage mode differential 
driver portion and the current mode differential driver por 
tion. The control circuitry switches the dual function differ 
ential driver between operation as a voltage mode differential 
driver and operation as a current mode differential driver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an example dual function voltage and current 
mode differential driver; 

FIG. 2 is an alternative example of a dual function voltage 
and current mode differential driver; and 

FIG. 3 is another alternative example of a dual function 
voltage and current mode differential driver. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

In order to achieve effective operation at both low data rates 
and high data rates, a dual function voltage and current mode 
differential driver may be utilized. 

FIG. 1 is an example dual function voltage and current 
mode differential driver 100. The dual function voltage and 
current mode driver 100 includes a driverportion 110 and bias 
and control circuitry 120. The driver portion 110 includes a 
plurality of transistors, designated M1, M2, M3, M4, M5, M6, 
M7, and M8, and resistors R7 and R8. In this example, tran 
sistors M1, M2, M6, M7, and M8 are P-metal oxide transistors 
(PMOS) transistors and transistors M3, M4, and M5 are 
NMOS transistors. The bias and control circuitry 120 
includes bitline outputs vbn (bias voltage/enable), cml_en_b 
(current mode logic enable), and tri_en_b (tri-state mode 
enable). The bias and control circuitry receives an input in the 
form of a mode and en (enable) bitline that instructs it to 
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switch the driver portion 110 between operation as a current 
mode differential driver and a voltage-mode differential 
driver. 

In the example shown in FIG. 1, PMOS transistors M6, M7, 
and M8 have their sources connected to the supply voltage 
(VDD). The gate of M6 is connected to the tri_en_b bitline, 
and the gates of M7 and M8 are connected to the cml_en_b 
bitline. The sources of transistors M1 and M2 are connected to 
the drain of transistor M6. The sources of transistors M3 and 
M4 are connected to the drain of transistor M5. The gates of 
transistors M 1 and M3 are connected to a high input line (in_h) 
and the gates of transistors M2 and M4 are connected to a low 
input line (in_l). The drains of transistors M1 and M3 are 
connected to a low output line (out_l) and the drains of tran 
sistors M2 and M4 are connected to a high output line (out_h). 
The gate of transistor M5 is connected to vbn and the source 
is connected to ground. In the voltage-mode differential 
driver con?guration, transistor M5 turns on as a switch, while 
in the current-mode con?guration, transistor M5 supplies tail 
current to the source coupled current-mode driver. Resistor 
R7 is connected on one side to the drain of M7 and to out_l on 
the other side. Resistor R8 is connected to the drain of M8 on 
one side and to out_h on the other side. 

The input lines in_l and in_h are high-speed differential 
input signals, where the voltage changes from zero volts (0V) 
to VDD. The output lines out_h and out_l are high-speed 
differential output signals.As shown in the example of FIG. 1, 
the voltage-mode differential driver includes transistors M1, 
M2, M3, M4, M5, and M6. The current-mode differential 
driver includes transistors M3, M4, M5, M7, and Mg and 
resistors R7 and R8. The bias and control circuitry 120 gen 
erates the output signals vbn, cml_en_b, and tri_en_b, based 
on the input signals received. 
When enIVDD, the input signal mode will switch the dual 

function driver between operation as a current-mode differ 
ential driver and a voltage-mode differential driver. When 
en:0V, the en signal will override the mode signal. Accord 
ingly, whether the input signal mode is VDD or 0V, both the 
bias and control circuitry 120 and the dual function driver 100 
will be disabled. The outputs out_h and out_l are placed in a 
high-impedance state. 
An example operation of the dual function voltage and 

current mode differential driver 100 is as follows. When the 
bias and control circuitry 120 receives an input indicating that 
the driver 100 is to operate as a voltage mode driver, the 
tri_en_b output is set to 0V, while both vbn and cml_en_b are 
set to VDD. For example, when enIVDD and modeIVDD, 
the bias and control circuitry 120 outputs are tri_en_b:0V, 
vanVDD, and cml_en_bIVDD. Alternatively, when 
enIVDD, and mode:0V, the bias and control circuitry 120 
outputs are tri_en_b:0V, vanVDD, and cml_en_bIVDD 
This sets the differential driver 100 into a voltage mode driver. 
Accordingly, transistors M5 and M6 are switched on, while 
M7 and M8 are switched off. In this con?guration, when in_h 
is equal to VDD and in_l is equal to 0 V, out_h will be VDD 
and out_l will be 0 V. When in_l is equal to VDD and in_h is 
equal to 0 V, out_l will be VDD and out_h will be 0 V. 
When the bias and control circuitry 120 receives an input 

signal to indicating that the driver 100 is to operate as a 
current mode driver, it sets vbn to the bias voltage, tri_en_b to 
VDD, and cml_en_b to 0V. For example, when enIVDD, and 
mode:0V, the bias and control circuitry 120 outputs are 
tri_en_bIVDD, vbn:bias voltage, and cml_en_b:0V. Alter 
natively, when enIVDD and modeIVDD, the bias and con 
trol circuitry 120 outputs are t?_en_b:VDD, vbn:bias volt 
age, and cml_en_bIOV. This sets the differential driver 100 
into a current mode driver. Accordingly, M5 will switch on 
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4 
and provide tail current for the current mode driver, while M6 
will turn off. Transistors M7 and Mg are switched on. If in_h 
is VDD and in_l is 0 V, then M3 is switched on and M4 is 
switched off. Transistor M1 is also switched off. If in_l is 
VDD and in_h is 0 V, then M4 is switched on and M3 is 
switched off. Transistor M2 is also switched off. Since in one 
case or the other, either M1 or M2 is switched off, the out_h 
and out_l signals will not be shorted by M1 and M2. The tail 
current of MS may be referred to as I5 and the resistors R7 and 
R8 may be collectively referred to as ‘R’. Accordingly, when 
in_h is VDD and in_l is 0 V, then out_h is VDD and out_l is 
(V DD—IS *R). When in_h is 0 V and in_l is VDD, then out_h 
is (VDD—I5*R) and out_l is VDD. 
When the input to the bias and control circuitry 120 indi 

cates that the dual function driver is to be disabled, tri_en_b is 
set to VDD, cml_en_b is set to VDD, and vbn is set to 0 V. 
Accordingly, the outputs out_h and out_l are placed in a 
high-impedance state, and M5, M6, M7, and M8 are switched 
off. The bias and control circuitry 120 and the transistors M5, 
M6, M7, and M8 operate as a control circuitry to switch the 
driver 100 between a voltage mode differential driver and a 
current mode differential driver. 
The example driver 100 depicted in FIG. 1 includes a single 

signal path from the input lines to the output lines and M3, M4, 
and M5 are shared between the voltage mode and the current 
mode driver operation. With respect to the input signal, the 
high speed input signal in_h and in_l each only drive two 
transistors. That is, in_h drives M l and M3, and in_l drives M2 
and M4. Accordingly, the loading that in_h and in_l have in a 
circuit that achieves the dual function of a voltage mode and 
current mode driver is greatly reduced. 

With respect to the output signal, the high speed output 
signal out_h and out_l each only see one resistor and the drain 
diffusion of two transistors as its loading. That is, out_h sees 
R7 and the drains of M1 and M3, and out_l sees R8 and the 
drains of M2 and M4. Accordingly, the loading that out_h and 
out_l have in such a circuit that achieves the dual functions of 
a current and voltage mode driver is greatly reduced. 

FIG. 2 is an alternative example of a dual function voltage 
and current mode differential driver 200. The driver 200 is 
similar to the driver 100, and includes a driverportion 210 and 
bias and control circuitry 220. In the driver 210, an additional 
transistor M9 is included. In this example, the drain of the 
transistor M6 is connected to the source of transistor M1, the 
gate is connected to tri_en_b, and the source is connected to 
VDD. Similarly, the drain of the transistor M9 is connected to 
the source of transistor M2, the gate is connected to tri_en_b, 
and the source is connected to VDD. The operation of the 
driver 200 is similar to the operation described above for the 
driver 100. However, in this embodiment, when the tri_en_b 
output is set to 0 V, both M6 and M9 are switched on. 

FIG. 3 is another alternative example of a dual function 
voltage and current mode differential driver 300. The dual 
function voltage and current mode driver 300 includes a 
driver portion 310 and bias and control circuitry 320. The 
driver portion 310 of the driver 300 includes a current mode 
differential driver portion, which includes transistors M1, M2, 
M3, M4 and M5 and resistors R1 and R2, and a voltage mode 
differential driver that includes transistors M6, M7, M8, M9, 
M10 and M11. The bias and control circuitry 320 receives an 
input and outputs a bias output, cml_em_b output, tri_en 
output, and tri_en_b output. 

In the current mode differential driver portion, the sources 
of transistors M1 and M2 are connected to VDD, and the gates 
are connected to cml_en_b. The drain of M 1 is connected to 
one end of resistor R1 and the drain of M2 is connected to one 
end of resistor R2. The sources of transistors M3 and M4 are 



US 8,149,024 B2 
5 

connected to the drain of transistor M5. The gate of M3 is 
connected to in_h, and the drain is connected to the other side 
of resistor R1 and out_l. The gate of M4 is connected to in_l, 
and the drain is connected to the other side of resistor R2 and 
out_h. The gate of M5 is connected to the bias output of the 
bias and control circuitry 320 and the source is connected to 
the reference voltage. 

In the voltage mode differential driver portion, the source 
of transistor M6 is connected to VDD, and the gate is con 
nected to tri_en_b. The sources of M7 and M8 are connected to 
the drain of transistor M6. The drains of transistors M7 and M9 
are connected to each other and out_l. The drains of transis 
tors M8 and M 10 are connected to each other and out_h. The 
sources of transistors M9 and M10 are connected to each other 
and to the drain of M1 1. The gates of transistors M7 and M9 are 
connected to each other and in_h. The gates of transistors M8 
and M 10 are connected to each other and in_l. The gate of M1 1 
is connected to the tri_en output of the bias and control 
circuitry 320, and the source of is connected to reference 
voltage. 

In operation, when the bias control circuitry 320 receives 
an input to switch the driver 300 to a voltage mode differential 
driver, the tri_en_b output is set to 0 V, cml_en_b is set to 
VDD, and tri_en is set to VDD. This results in transistors M 1 
and M2 being switched off, and disabling the current mode 
differential portion of the circuit, while transistor M6 is 
switched on. In this con?guration, when in_h is equal to VDD 
and in_l is equal to 0 V, out_h will be VDD and out_l will be 
0V. When in_l is equal to VDD and in_h is equal to 0V, out_l 
will be VDD and out_h will be 0 V. 
When the bias control circuitry 320 receives an input to 

switch the driver 300 to a current mode differential driver, the 
tri_en_b output is set to VDD, and cml_en_b is set to 0 V. As 
a result, transistors M1 and M2 are switched on, while tran 
sistor M6 is switched off, disabling the voltage mode differ 
ential portion of the circuit. In this con?guration, ff in_h is 
VDD and in_l is 0 V, then M3 is switched on and M4 is 
switched off. If in_l is VDD and in_h is 0 V, then M3 is 
switched off and M4 is switched on. The resistance of R7 and 
R8 may be collectively referred to as ‘R’. The tail current of 
MS may be referred to as I5, and accordingly, when in_h is 
VDD and in_l is 0 V, then out_h is VDD and out_l is (VDD— 
I5*R). When in_h is 0 V and in_l is VDD, then out_h is 
(VDD—I5*R) and out_l is VDD. 

Although features and elements are described above in 
particular combinations, each feature or element can be used 
alone without the other features and elements or in various 
combinations with or without other features and elements. 
The methods or ?ow charts provided herein may be imple 
mented in a computer program, software, or ?rmware incor 
porated in a computer-readable storage medium for execution 
by a general purpose computer or a processor. Examples of 
computer-readable storage mediums include a read only 
memory (ROM), a random access memory (RAM), a register, 
cache memory, semiconductor memory devices, magnetic 
media such as internal hard disks and removable disks, mag 
neto-optical media, and optical media such as CD-ROM 
disks, and digital versatile disks (DVDs). 

Suitable processors include, by way of example, a general 
purpose processor, a special purpose processor, a conven 
tional processor, a digital signal processor (DSP), a plurality 
of microprocessors, one or more microprocessors in associa 
tion with a DSP core, a controller, a microcontroller, Appli 
cation Speci?c Integrated Circuits (ASICs), Field Program 
mable Gate Arrays (FPGAs) circuits, any other type of 
integrated circuit (IC), and/or a state machine. Such proces 
sors may be manufactured by con?guring a manufacturing 
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6 
process using the results of processed hardware description 
language (HDL) instructions (such instructions capable of 
being stored on a computer readable media). The results of 
such processing may be maskworks that are then used in a 
semiconductor manufacturing process to manufacture a pro 
cessor which implements aspects of the present invention. 
What is claimed is: 
1. A dual function differential driver, comprising: 
a voltage mode differential driver portion, including a ?rst, 

second, third and fourth transistor; 
a current mode differential driver portion, including the 

third transistor, the fourth transistor, a ?fth transistor and 
a sixth transistor; and 

control circuitry connected to the voltage mode differential 
driver portion and the current mode differential driver 
portion to switch the dual function differential driver 
between operation as a voltage mode differential driver 
and operation as a current mode differential driver, or to 
disable the dual function differential driver; 

wherein the sources of the ?rst and second transistors are 
switchable connected to a ?rst voltage, the drain of the 
?rst transistor is connected to the drain of the third 
transistor and a ?rst output line, the gate of the ?rst 
transistor is connected to a ?rst input line and the gate of 
the third transistor, the drain of the second transistor is 
connected to the drain of the fourth transistor and a 
second output line, the gate of the second transistor is 
connected to the gate of the fourth transistor and a sec 
ond input line, the sources of the third and fourth tran 
sistors are switchably connected to a second voltage, the 
sources of the ?fth and sixth transistors are connected to 
the ?rst voltage, the gates of the ?fth and sixth transistors 
are connected to the control circuitry, the drain of the 
?fth transistor is connected to the ?rst output line and the 
drain of the sixth transistor is connected to the second 
output line. 

2. The dual function differential driver of claim 1, further 
comprising a seventh transistor, the source of the seventh 
transistor connected to the ?rst voltage, the drain of the sev 
enth transistor connected to the sources of the ?rst and second 
transistors, and the gate of the seventh transistor connected to 
the control circuitry, and wherein the control circuitry 
switches the ?fth and sixth transistors to an on state and the 
seventh transistor to an off state during operation as a current 
mode driver, and switching the ?fth and sixth transistors to an 
off state and the seventh transistor to an on state during 
operation as a voltage mode driver. 

3. The dual function differential driver of claim 2, further 
comprising an eighth transistor, the drain of the eighth tran 
sistor connected to the sources of the third and fourth transis 
tor, the source of the eighth transistor connected to the second 
voltage, and the gate of the eighth transistor connected to the 
control circuitry, and wherein the control circuitry switches 
the eighth transistor to an on state during operation as a 
current mode driver or voltage mode driver, and to an off state 
during disabling of the dual function differential driver. 

4. The dual function differential driver of claim 3, further 
comprising a ?rst resistor connected between the drain of the 
?fth transistor and the ?rst output line and a second resistor 
connected between the drain of the sixth transistor and the 
second output line. 

5. The dual function differential driver of claim 4 wherein 
the bias and control circuitry outputs a dual function bias/ 
enable output, a tristate enable output, and a current mode 
enable output, the dual function bias/enable output connected 
to the gate of the eighth transistor for switching the eighth 
transistor on or off, the tristate enable output connected to the 
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gate of the seventh transistor for switching the seventh tran 
sistor on and off, and the current mode enable output con 
nected to the gates of the ?fth and sixth transistors for sWitch 
ing the ?fth and sixth transistors on and off. 

6. The dual function differential driver of claim 5 Wherein 
the bias and control circuitry further comprises a mode input 
and an enable input, the mode input indicating operation of 
the dual function differential driver in a current mode or a 
voltage mode, and the enable input indicating an enablement 
or disablement of the dual function differential driver. 

7. The dual function differential driver of claim 1 Wherein 
the ?rst voltage is a source voltage and the second voltage is 
a reference voltage. 

8 
8. The dual function differential driver of claim 1 Wherein 

the ?rst, second, ?fth and sixth transistors are P-metal oxide 
semiconductor (PMOS) transistors and the third and fourth 
transistors are NMOS transistors. 

9. The dual function differential driver of claim 8 Wherein 
the seventh transistor is a PMOS transistor and the eighth 
transistor is an NMOS transistor. 
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